This paper aims to conduct an energy efficiency study in the tipping system of the unloading platform of a grain storage unit, based on the use of electrical devices to control the operation of the engine. For this purpose, two scenarios were established. The first scenario considers the platform in its current state, with engine start-up performed using a wye-delta switch. In the second scenario, wye-delta start is switched off, and a frequency inverter and a programmable logic controller (PLC) are coupled to control the electric motor. For both scenarios, the consumption of active and reactive energy in the discharge platform was measured, and the costs of the energy consumed were calculated over a period of one year. Finally, the discounted payback was calculated to evaluate the economic feasibility of installing the proposed equipment. The results obtained were as follows: For the current scenario, the energy consumed to tipping one metric ton of grain was 35.44.10 -3 kWh; for the proposed scenario with the frequency inverter, the energy was 32.78.10 -3 kWh. With an annual projection, the current scenario would consume the equivalent of 10 921.35 kWh, and the proposed scenario, 10 100.81 kWh, generating an annual savings, with the installation of the equipment, of R$721.49; the discounted payback found was approximately 31 years. It can thus be concluded that there is a reduction in electricity consumption from the use of the frequency inverter; however, the time of return of the invested capital is very long, making the proposal economically unfeasible.
Introduction
Mankind learned to master fire in the Paleolithic period, over 10 000 years ago. Since then, man has benefited from a reliable source of heat and light, altering its history. Unfortunately, almost nothing has changed for one out of three people in the world today. It is estimated that there are still more than 1.5 billion people in the world without access to electricity, and this is one of the most important issues for quality of life and human development (UN, 2010) . 
Hydraulic Devices
The hydraulic devices, which make up the unloading platform, are the hydraulic unit, composed of a Parker gearbox hydraulic pump, 20300C 5N3 model; a valve block, used for driving the cylinders; and the hydraulic fluid reservoir. These are two parallel cylinders with four stages, and in each stage having a stroke of 1,731 mm, to a total stroke is 6,924 mm.
For the measurement of the pressure (kgf/cm²) of the hydraulic assembly, the analog gauge of the equipment was used, located in the unloading platform in question. The values obtained were compared with the data provided by the manufacturer, as shown in Table 2 . Source: SAUR (2017).
Mechanical Devices
The mechanical devices are composed of the discharge platform and the AB Agrobrasil truck scale.
The data for the unloading platform are shown in Table 2 .
The truck scale, installed at the unit, is of the Balanças Capital brand, BC CONTROLLER 3.0 model, certified by INMETRO. With it, the total weight of the truck was obtained, before and after unloading the product, making it possible to determine the weight of the product unloaded.
Methodology
The Mechanical Power, used to tip the platform, is given by Equation 1.
Where, Pm2 = Mechanical Power (W); F = Force required to lift the platform (N); = Speed (m/s). The weights used in the calculations followed the following legend:
On October 27, 2017, at 8:28 am, measurements were started for the conventional wye-delta starting system. Five (5) trucks were unloaded in a row, all with wheat, with the last truck leaving the platform at 9:36 am, completing the recording of the energy analyzer. The analyzer data was uploaded to the computer for analysis, and the weights of the trucks, whose plates were recorded, were reported by AB Agrobrasil, according to Table 3 . For comparative purposes, a measurement unit was established by dividing the energy consumed during the measurement interval in kWh by the total weight of the analysis period, according to equation 10. This total weight includes the PBT (weight of the loaded truck) plus the weight of the platform, which, according to the manufacturer, has 20 metric tons. Therefore:
Where, E/T = Energy per Metric Ton (kWh/ton); kWh = Energy spent in the measurement range; PT = Total Weight of the cycle, considering PBT plus platform weight.
This index shows the amount of energy consumed, in kWh, per ton of product that the platform needs to lift. Based on this, it is possible to compare the two scenarios, regardless of the number of cycles, truck weight and time interval.
Scenario 2: It is characterized by the tipping system operating with the frequency inverter and the PLC, to control the induction electric motor. Similarly, in this scenario, electric, hydraulic and mechanical quantities were also collected to evaluate the operating conditions of the system.
To measure the electrical quantities, the Energy Analyzer was installed in the three phases (R, S, and T) of the motor control panel. The installed equipment follows the correct order of the TPs and CTs, which will be connected in their respective phases, before the frequency inverter, as shown in Figure 4 . As the energy data collected in the two scenarios were in off-peak hours, the total value of the energy bill was divided, considering all the tariff and tax variables, by the amount of active energy. In this way, a single tariff was created contemplating tariff and tax divisions, facilitating the estimated cost reduction according to equation 11.
TU = VTF/EAFP (11)
Where, TU = Single Tariff (R$/kWh); VTF = Total Invoice Amount (R$); EAFP = Off-Peak Active Energy (kWh).
To carry out the consumption reduction study, AB Agrobrasil informed the net weight of the products received for a period of one year, counting from October 2016 to September 2017 (month in which an energy invoice is submitted). These values are presented in Table 5 . After the definition of the Total Weight tipped monthly, the value was multiplied by the energy index by metric ton to obtain the total electricity consumed in each month by the unloading platform, in the current scenario and in the scenario with the frequency inverter (Equation 13).
Where, ECmonth = Energy Consumed in the month (kWh/month); PTmonth = Total Weight tilted in the month (metric ton/month); E/T = Energy per Metric Ton (kWh/ton). This amount of energy was then multiplied by the Single Tariff (TU), in order to verify the amount spent on electricity consumed with the platform, for the two scenarios under study. The difference between these values and the monthly cost electricity avoided (Equation 14) was calculated. Subsequently, the annual cost avoided was also calculated.
Where, Vmonth = Amount paid in the month in energy for the unloading platform (R$/month); ECmonth = Energy Consumed in the month (kWh/month); TU = Single Tariff (R$/kWh).
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It can be o is not turn intervals w Table 6 The active energy consumption during this time was 12.332 kWh. Table 7 shows the energy index per metric ton, which was 35.44.10-3 kWh/ton. Figure 10 shows the active power, collected in the frequency inverter starter system.
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Reducing Power Consumption and Improving Productivity
Based on the data obtained, it can be observed that the amount of energy required to tip one metric ton is sensitively smaller in the system with the frequency inverter than in the system with the wye-delta switch. Considering these values, it is possible to present Table 11 , considering an estimate of the number of cycles in a month, PT (total weight tipped in one month), energy consumed in both scenarios, and energy avoided, if the frequency inverter were installed. Based on these data, the net annual return, with the installation of the frequency inverter, is seven hundred and twenty-one reais and forty-nine centavos (R$721.49).
Another factor observed was the increase in productivity, with the inverter adjusted to operate at 20% above the nominal rotation. In this case, the platform took 2 minutes and 14 seconds to be lifted, the time being 2 minutes and 44 seconds previously. There is an increase of almost 19% in the tipping speed, and this reduction in total time can be very attractive in periods when there are many trucks to be unloaded.
Discounted Payback
After obtaining all the necessary data, the calculation of the discounted payback was made based on Equation 32, presenting a result for the return of the investment equal to 31 years. Considering that this time of return is very long, even well above the service life of the equipment that would be installed, it is concluded that the investment is economically unfeasible, for the particular conditions presented in this paper.
Conclusion
The application of the frequency inverter to reduce power consumption in the unloading platform is real, as the inverter has a relatively better energy efficiency result than the conventional wye-delta start system. The efficiency calculations made it possible to understand that this efficiency can be improved by applying better performance components, such as high-performance motors, hydraulic pumps with lower losses, etc.
The electric power required to tilt the platform is smaller in the wye-delta starter system compared to the frequency inverter, but this system operates continuously even at unnecessary times, during which the frequency inverter has a small advantage, as its consumption is practically zero. When comparing these two situations, the frequency inverter shows significantly lower energy consumption per metric ton tipped than the conventional system.
In addition to lower power consumption, the frequency inverter makes it possible to increase the flow rate of the hydraulic pump, as it is possible to increase the nominal rotation of the three-phase induction motor. This can be a major advantage for the storage units and can become an important device against the extended lines and delays in receiving the product. The inverter, in turn, can expedite by up to 19% the unloading speed, when compared to the current system. Nevertheless, when the discounted payback (approximately 31 years) was calculated, it was found that the installation of a frequency inverter and a PLC for the control of the hydraulic unit is not economically feasible, as its investment can be considered high, compared to the annual avoided value that the system provides. This value is much higher than the service life of the equipment used, which is usually 10 to 15 years, making its investment unfeasible.
As suggestions for future work, it is important to evaluate a hydraulic unit for unloading platforms, using a high-efficiency motor, as well as the study of the formation of lines in storage units, in order to evaluate the impact of the agility of the process.
